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© Acoustic wave touch panel system. 
© A system for recognizing touch positions along a prede- 
termined coordinate axis on a surface of a touch panel 
display apparatus (10) comprises a substrate having a 
surface (16) capable of propogating surface acoustic waves 
and is so characterized that a touch on the surface (16) 
causes amplitude damping of a surface wave passing 
through the region of (A1) of touch. An input surface wave 
tranducer, (Tl; T2) coupled to the substrate surface (16) 
launches a burst of surface waves on the surface (16) in a first 
direction parallel to the aforesaid axis. An output surface ' 
wave transducer (R1; R2) is also coupled to the substrate. A 
first surface wave reflecting means (G1. G3) derives weve 
components from the launched wave and reflects them 
across the display surface (16) to a second wave reflecting 
means (G2, G4) that redirects the reflected components in a 
second d.rection opposite to the aforesaid first direction. The 
first and second reflecting means (G1-G4) causes wave 
components to traverse the display surface (16) orthogonally 

° * e J*T J"J ta axis a,on9 a P ro 9«*sion of paths assocZ 
ated with different positions along the coordinate axis. 
Circuit means coupled to the input (T1; T2) and output 
J2f m ' R2) inhiate surfa « wave burets across the 

r^L' ' 38 W ^ 85 detect touch-induced damping of the 
receryed waves. The circuit means further includes means 
for developmg an electrical signal representative of the time 
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This invention relates in general , to a 
touch control arrangement for use in graphics display 
apparatus and, in particular, to a novel arrangement 
and system for identifying the coordinates of a touch 
5 location. 

Graphics display apparatus, of the type herein 
considered, generally utilize a cathode ray tube (CRT) , 
although other types, of display devices can be used. 
In a typical prior art arrangement, each of two ad- 

10 jacent edges of the display surface (faceplate) is pro- 
vided with a bank of light sources arranged to develop 
.a. cluster of parallel light paths which extend across 
the faceplate, the clusters intersecting, preferably at 
right angles to form a grid pattern of light paths over- 

15 lying the display surface. Like banks of light detec- 
tors flank those sides of the faceplate opposite the 
banks of light sources. 

In practice, a particular graphic is delivered 
for display by a controller in response to an operators 

20 command, which conmgnd. can take the form of a pointing 
to one area of the faceplate. This pointing serves to 
interrupt one or more of the light beams, which inter- 
ruption causes the beam's assigned light detector to 
develop a signal which is applied to the controller to 

25 select a particular graphic. U.S. Patent No. 3,775,560, 
for example, exemplifies this type of control for a 
graphics display apparatus. A touch control arrangement 
of the> type -adverted to above tends to be rather costly 
since a separate light sensor is employed for each 

30 light source. 
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It is known to use surface acoustic wave (SAW) 
energy for touch control. United States Patent No. 
3 f 134, 099-Woo teaches an arrangement in which a plur- 
ality of piezoelectric transducers, electrically con- 
5 nected in parallel, is disposed along each of two ad- 
jacent edges* o&<a~t6&^etU of glass. The transducers are 
coupled to the sheet and, in response to a control sig- 
nal, create surface waves which propagate across the 
surface of the glass sheet. A writing pen, embodying 

10 a piezoelectric- componentv^s placed in contact with the 
glass sheet to sense a propagating disturbance and then 
issue an appropriate signal to a control unit which 
measures the elasped time interval between the time the 
control signal was- applied to the transducer that in- -» 

15 itiated the disturbance and the time the signal was 

received by the pen. It is of significance that, in the 
Woo arrangement, a plurality of piezoelectric transducers 
is required for each of two adjacent sides of the glass 
panel. Further, the Woo system requires the use of a 

20 special touch stylus capable of sensing surface acous- 
tic waves traveling across the panel. 

United States Patent No. 3,653,031-Hlady, et 
al is addressed to a touch sensitive position encoder 
also employing elastic surface wave generating trans- 

25 ducers positioned along the edges of a sheet of trans- 
parent glass. The transducers function as radiators, 
as well as sensors, and thus serve to launch surface 
waves across the glass sheet, as well as to receive 
such waves. In operation, a finger or stylus placed at 

30 a particular position on the glass sheet serves to re- 
flect the surface waves encountered. A reflected wave 
that is detected is applied to timing circuitry as- 
sociated with the sensors, which circuitry determines 
the geometric coordinates of the position of the finger 

35 or stylus. Again, as in Woo, two arrays, or banks, of 
transducers are required to create the surface waves that 
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propagate across the glass sheet. 

United States Patent No. 3 ,673, 32 7- Johnson, 
et al describes still another SAW-type touch respon- 
sive panel assembly comprising a panel positioned over 
5 the faceplate of a CRT and having a first plurality of 
transmitters positioned along a first edge of the panel 
for generating a like plurality of Rayleigh (surface) 
beams that propagate across the surface of the panel in 
an x direction and a like plurality of detectors po- 
10 sitioned along the edge of the panel opposite said first 
edge for individually receiving an assigned one of said 
plurality of beams. In like fashion, a second plurality 
of transmitters is positioned along a second edge of the 
panel, adjacent the first edge, for simultaneously gen- 
15 erating a second plurality of Rayleigh wave beams that 
propagate across the panel in a Y direction, perpendic- 
ular to the X direction. A like second plurality of 
detectors is positioned along the edge of the panel op- 
posite said second edge for receiving an assigned one 
20 of said second plurality of beams. Accordingly, to es- 
tablish this X-Y grid of wave beams, a transmitter is 
required for each wave beam and a separate detector is 
required for each such transmitter. 

Each transmitter, upon actuation, launches a 
25 beam of Rayleigh surface waves along the surface of the 
panel. Thereafter, when a finger or other object is 
pressed against the panel, acoustical wave energy is 
absorbed, thereby interrupting its. transmission to its 
assigned detector. The absence or reduction of the 
30 normal signal at a specific detector constitutes a 
touch indication which is applied to a computer. 

However, a principal drawback of the Johnson 
et al touch control system like that of its optical 
counterpart, resides in the requirement of a multiplicity 
35 of transmitters and detectors to establish the intersect- 
ing wave energy paths that form the grid overlying the 
panel. The mechanical considerations, and cost, involved 
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In the practice of utilizing dual pluralities of trans- 
mitters and detectors, all of which must be separately 
wired # are obvious shortcomings. 

Other United States patents in the touch con- 
5 trol art are set forth below: 

3,775,560 
3,808,364 
3,916,099 
3,956,745 

10 4,198,623 

4,254,333 
4,286,289 
4,346,376 

Additionally, United States patents and lit- 
is erature references in the field of surface acoustic 
waves which were considered included: 

3,883,831 
4,403,165 

"Use of Apodized Metal Gratings in Fabricating 
20 Low Cost Quartz RAC Filters 11 by G.W. Judd and J.L. 

Thoss. Proceedings of the IEEE 1980 Ultrasonics Sym- 
- posium, p. 343. 

In general, the invention is directed to pro- 
viding an improved touch responsive panel system pref- 
25 erably designed for, or for use with, a graphics dis- 
play CRT. 

The present invention therefore provides a 
touch panel system, comprising: a substrate having a 
touch surface; and means responsive to a touch on said 
30 touch surface for developing a signal having a first 
characteristic indicative of the location of the touch 
on said touch surface and a second characteristic in- 
dicative of the touch itself. 

One feature of the invention is that the touch 
35 responsive arrangement of the invention is character- 
ized by minimal mechanical and electrical complexity 
and reduced cost of manufacture. 

The present invention also relates to a touch 
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panel system, comprising: a substrate having a touch 
surface; means responsive to a touch on said touch sur- 
face for developing an output signal having a first 
characteristic indicative of the position of the touch on 
5 said touch surface and a second characteristic indica- 
tive of the touch pressure; and means for receiving said 
output signal and responsive to said first character- 
istic for identifying a predetermined controllable func- 
tion and responsive to said second characteristic for 

10 controlling said controllable function. 

The present invention further relates to a 
cathode ray tube for use in a touch panel display system 
capable of recognizing touch positions along a pre- 
determined coordinate axis on* a touch display surface 

15 of said systeirv--^aA<*i--tube comprising: a transparent 
flat glass faceplate having a touch display surface 
capable of propagating surface acoustic waves and being 
so characterized that a touch on said surface causes a 
perturbation of a surface wave propagating through the 

20 region of the touch; input surface wave transducer 
means mechanically and acoustically coupled to said 
touch display surface of said faceplate and useful when 
excited for launching a burst of surface waves on said 
surface; and at least one array of wave-reflective ele- 

25 ments in or on said touch-display surface of said face- 
plate for directing surface waves derived from said 
•—input transducer means across said touch-display sur- 
face of said faceplate. 

Further features and advantages of the inven- 

30 tion may best be understood by reference to the fol- 
lowing description taken in conjunction with the ac- 
companying drawings in which: 

Figure I illustrates , partially in schematic 
form, a graphics display apparatus embodying the in- 

35 vention; 
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Figure 2 is a plan view of the Figure 1 touch 
responsive display panel depicting, in some detail, re- 
flective grating construction and placement; 

Figure 3 is a graphical plot representative of 
5 received surface acoustic wave energy traversing one 
coordinate of the touch panel of Figure 2; 

Figure 4 is a graphical plot representative 
of received surface acoustic wave energy traversing a 
second, orthogonal, coordinate of the touch panel of 
10 Figure 2; 

Figure 5 is a schematic representation of a 
reflection grating and a series of reflected wave com- 
ponents developed by that grating; 

Figure 6 illustrates the waveform developed by 
15 an output transducer responding to the reflected wave 
components shown in Figure 5; - 

Figure 7 illustrates the waveform developed by 
an output transducer responding to an elongated series 
of reflected wave components; 
20 Figure 8 is a schematic representation of a 

rectified version of the output signal of an output 
transducer employed in a touch panel display apparatus 
constructed- in accordance with the Invention. 

Figure 9 is a schematic representation of 
25 a reflective array in which the pattern of elements re- 
sults from "finger withdrawal"; 

Figure 10 is a schematic representation of a 
reflective array in which individual elements are frag- 
mented in a patterned fashion; 
30 Figure 10A is a schematic representation of a 

reflective array in which the length of individual ele- 
ments increases in the direction away from the adjoin- 
ing transducer; 

Figure 11 is a schematic representation of a 
35 touch panel arrangement in which a single device is 
utilized as the input and output transducers; 
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Figure 12 is a schematic representation of a 
touch panel arrangement utilizing an output transducer 
coextensive with one coordinate of the panel; 

Figure 13 is a schematic representation of a 
5 touch panel arrangement in which the surface wave re- 
flective grating comprises discrete groups of reflective 
elements ? 

Figure 14 depicts the pulse-type waveform de- 
veloped by an output transducer responding to the burst 
10 components developed by the Figure 4 13 embodiment; 

Figure 15 depicts a variation of the waveform 
shown in Figure 14; and 

Figure 16 is a schematic representation of 
another embodiment of the invention featuring an angular 
15 coordinate system. 

Figure 17 is a partly schematic representation 
of the apparatus shown in Figure 1 as modified to co- 
operate with a preferred form of touch panel control 
system; 

20 Figure 17a is a block diagram of a touch panel 

control system for use with the display apparatus shown 
in Figure 17; 

Figure 18 is a representation of a touch con- 
trol panel for controlling a cursor associated with a 
25 remote controllable apparatus; 

Figure 19 is a representation of a single co- 
ordinate touch control panel; 

Figure 20 is a perspective view of a cathode 
ray tube embodying the invention; 
30 Figure 21a is a partially schematic representa- 

tion of an alternate embodiment of the invention depict- 
ing a touch control panel positioned at a location re- 
mote from a controlled image display device; and 

Figure 21b is a partially schematic representa- 
35 tion of another embodiment depicting a remotely disposed 
touch control panel associated with controllable apparatus 
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Figure 1 shows a graphics display apparatus 10 
comprising a graphics controller 12 and a display device 
14 having a display surface 16.' A CRT may be employed 
to display graphics and the subject invention will be 
5 described in that environment. However, it is to be ap- 
preciated that the invention is readily applicable to 
other display devices *, e. g. , electroluminescent or 
liquid crystal devices, or even displays as simple as 
an elevator number display, any of which can be employed 
10 in lieu of a CRT. In some applications, a separate panel 
is disposed ovef 'the faceplate of the display device. 

The faceplate, or panel, is commonly designated 
a "touch control panel" since graphics, or other in- 
formation may be ordered up for display from controller 
15 12 in response to an operator's command which can take 
the form of a touching of a particular area of a menu 
associated with the touch control panel. The display 
surface 16 , whether it be a CRT faceplate or a separate 
panel, constitutes a substrate the surface of which is 
20 capable of propagating surface acoustic waves. As will 
be shown, the act of touching serves to interrupt or 
reduce wave energy directed along one or more paths that 
form a grid overlying the panel. Detection and anlysis 
of such interruption serves to identify the X, Y, or 
25 other coordinates of the touched area, which information, 
in turn, is determinative of the graphics to be delivered 
up for display or other response of the device. 

To this end, apparatus 10 further includes 
a computer 22 for rendering an interface circuit 24 
30 operative in a predetermined sequence so that when a 

perturbation , or interruption of acoustic wave energy is 
detected, converted to an electrical signal and fed back 
to the computer, via interface circuit 24, the location 
of the interruption is identifiable by the computer. 
35 Graphics controller 12 comprises the drive electronics 
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wLVcLdLr' t0 *** Snd ' 9s — *» -***r and other- 
It funct ° UtPUt °* CO " PUt « 22 - T ° -"eve 
its functions, the computer comprises a clock (source of 

5 well as sources of horizontal and vertical sync pulses 
The output of controller 12 is coupled to the conl" 
electrodes of CKT 14, as well as to the CKT's deflec- 
t on wrings, to display, under the direction of computer 
10 iuent^ ,, 9raPhi ° S - ^ ccor dingly , when the computer 
10 .dentxf.es the location, or address, of wave interrup- 
ts^" th6n ° UtPUt inforJIiL 
to controller 1 2 to change the video display to graohL 
aesocated with the address touched hy tL operate 

, . • . ShOW " iD Pl9Ure l ' ^terface circuit 24 
15 has rn put terminals coupled, via a buss 30, to receiver 
tracers HI, R2 ana output ^ ■ ~<^« 

mtter transducers Tl, T2 vla ^ buss 32 '^^^ 

had ada ltl onal input and output terminals coupled J 

co^r 22 for interacting therewith. Circuit 24 in 

2 0 response to timing signals from computer 22 . output* 
fxring srgnals that stimulate transducers Tl, JT 
a txme sequence so that the location of a subsequent in 
terruption of a surface wave is identifiable. 

„ o„,- , ^ transduc «* T2. which are more 

st"r f Y dSSCribed bel °"' Me ™°™ tea -P- ca- 
strate surface 16 adjacent to edges 18 and 2 0, respec- 
tively, of Pigure 2 . A source 25 in interface circuit 
24 serves to apply input signals SI, S2, via bus 3 2 
to respective transducers Tl, T2 „ hi „,, ,. ., ' 
30 response thereto, individually'^ 

tic surface waves along first an* o ^ acous- 

9 rst and second paths PI p? 
respectively on surface 16. ' 

Also as shown in Pi gure 2 , fi rst and second 
output transducers Rl R2 ™ 
35 surface i* „• mounted upon substrate 

35 surface 16 adjacent to respective edges 18, 20 that is, 
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the" edges close to their associated input transducer 
Tl, T2. In a manner to be detailed below, transducers 
Rl, R2, upon receipt of the surface waves launched by 
their associated input transducers develop respective 
5 output signals S3, S4 which, upon analysis, will exhibit 
a characteristic of the launched surface wave,' e.g. a 
change in amplitude, attributable to a perturbation of a 
received surface wave burst. 

A first reflective grating Gl comprising an 
10 array of reflective elements el-en is disposed along 
path PI with each of the aforesaid elements effectively 
arranged, preferably, at like angles of incidence to 
the longitudinal axis of path Pi. Desirably, the angles 
of incidence of the reflective elements, relative to the 
15 axis of path Pi, are approximately 45 degrees, Ad- 
ditionally, the longitudinal axis of path Pi is pref- 
erably disposed parallel to the upper edge of substrate 
surface 16, as viewed in Figures 1 and 2. 

Reflective elements el-en serve to extract 
20 from the initially launched surface wave burst a mul- 
tiplicity of wave components and to direct such wave 
burst components across substrate surface 16 along a 
like multiplicity of paths pv each disposed at an 
angle to the axis of path PI. As depicted in Figures 
25 1 and 2, these multiplicities of paths are each dis- 
posed at 90 degrees to the axis of path Pi. 

A second reflective grating G 2 likewise com- 
prises an array of reflective elements e'l-e'n which are 
disposed along path P 3 and are effectively arranged at 
30 like angles of incidence to the longitudinal axis of 
path P3 for intercepting the wave components extracted 
from the wave traversing path Pi and directed across 
substrate surface 16 along the paths pv. Grating G2 
intercepts the wave burst components arriving along 
35 paths pv and redirects them along path P3 toward re- 
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ceiving transducer Rl which converts the wave energy 
in a received burst to an electrical output signal S3. 
In a fashion complementary to that of the first re- 
flective grating Gl, the elements of grating G2 are dis- 
5 posed at 45 degrees to the longitudinal axis of path P3 
to facilitate interception and redirecting of wave com- 
ponents arriving from grating Gl. 

The above-described transducer pair Tl, Rl and 
gratings Gl, G2 serve to establish one portion of a grid 

10 of surface wave burst paths pv which are disposed ac- 
ross substrate surface 16. A second portion of that 
grid is established by a second pair of transducers T2, 
R2 and associated gratings G3, G4. In a maimer similar 
to that described above, transducer T2 r in response to 

15 a firing signal S2 from source 25 in interface circuit 
24 , launches a burst of acoustic surface- waves along 
the path P2, which path is disposed perpendicular to the 
previously described paths PI, P3. The third reflec- 
tive grating G3 comprises an array of reflective element 

20 ell-enn which are disposed along path P2 with the ele- 
ments effectively arranged at like angles of incidence 
to the axis of path P2. Grating G3 serves to extract 
from the surface wave launched by transducer T2 a 
multiplicity of wave burst components and to direct such 

25 wave burst components across substrate surface 16 along 
a multiplicity of paths ph each disposed at a 90 de- 
gree angle to the axis of path P2. 

A fourth reflective grating G4, comprising an 
array of reflective elements e'll-e'nn is disposed 

30 along path P4, each element being arranged at a 45 de- 
gree angle to the longitudinal axis of path P4. The re- 
flective elements of grating G4 intercept the wave 
components directed thereto by the elements of grating 
G3 along paths ph and redirect these intercepted wave 

35 burst components along path P4 to receiving transducer 
R2. 
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Since transducers Tl, T2 additionally launch 
surface acoustic waves along paths Pi, P2 in directions 
opposite from their respective adjoining gratings Gl, G3, 
it is desirable to provide means for arresting such wave 
5 energy. Accordingly, a pair of absorbers 33, 35, which 
can be formed of a soft epoxy, are mounted upon the dis- 
play surface immediately behind respective transducers 
Tl and T2. 

In the manner just described, and as depicted in 
10 Figure 2, display surface 16 is now provided with an 

overlying grid comprising a multiplicity of intersecting 
paths of acoustic surface wave bursts which surface 
waves are confined to predetermined paths, one series 
ph being disposed parallel to what may be termed the 
15 horizontal or major axis of display surface 16 while a 
second, intersecting series of paths pv are disposed 
parallel to the vertical or minor axis of the display 
surface. In this fashion intersecting wave energy 
paths traverse the surface of the display device, form- 
20 ing a grid that overlies display surface 16. 

As described above, means, in the form of in- 
terface circuit 24 and buss 32, are coupled to the input 
transducers Tl, T2 for initiating the launching of 
bursts of surface waves along paths Pi, P2. The ap- 
25 plication of signals Si, S2 to transducers Tl, T2 

serve to generate and launch across surface 16 elastic 
(ultrasonic) surface waves having a substantially planar 
wavef ront with uniform amplitude and phase along lines 
parallel to the initiating transducer. Transducers Tl, 
30 T2, (as well as Rl and R2) typically, are piezoelectric 
transducers comprised of a lead zirconate-titanate 
ceramic mounted upon a prism of lower velocity material, 
e.g., Lucite, which effects an efficient electro-mechani- 
cal coupling to substrate surface 16. 
35 The generated surface waves launched along paths 
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P1,"P2 are eventually received by transducers Rl, R2, 
respectively, and converted to electrical signals S3, 
S4. Means comprising a signal processing circuit 23, 
included in interface circuit 24, see Figure 1, is 
5 coupled to the outputs of receiving transducers Rl, 
R2 for determining, by an analysis based on the transit 
time of the perturbed surface wave burst, which of paths 
ph, pv the touch-perturbed wave traversed and thereby 
establish the location of the touch along two coordinates 

10 of the display surface. In one coordinate system, for 
example, in order to identify the X coordinate for the 
location of the path of a perturbed wave burst along the 
horizontal axis, as viewed in Figure 2, the determining 
means is arranged to make a time analysis of the surface 

15 wave burst received by transducer Rl. To this end, 

the determining means analysis commences at the instant 
input signal SI is applied to transducer Tl to launch 
a surface wave. On the time scale of Figure 3 there is 
plotted the earliest time an acoustic wave burst from 

20 transmitter Tl could arrive at receiver Rl. 

Ass tuning that the dimensions of the grid 
overlying display surface 16 are approximately 8 n x 11", 
and assuming further that the transit time required for 
a surface wave burst to reach the first reflective 

25 element el on path PI is approximately 2 microseconds, as 
is the transit time required for the surface wave burst 
to travel to receiver Rl from element e'l; to this is 
added the transit time of the surface wave from re- 
flective element el across the display surface 16 to 

30 element en, which is approximately 64 microseconds. 
Accordingly, the detector will ignore any disturbance 
arriving within the first 64 microseconds immediately 
following the triggering of transmitter Tl. Assuming 
for the moment, that no disturbance or perturbation of 

35 the instant surface wave launched by Tl is experienced, 
the output of transducer R2 might exhibit the solid line 
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response shown in Figure 3. Depicted therein is a wave- 
form having a relatively constant amplitude extending 
for approximately 176 microseconds. This response xs 
established by virtue of the fact that for a period 
5 commencing at to surface wave energy is continually re- 
ceived by the detector Rl for 176 microseconds that is 
until time tn. The 176 microsecond interval is the 
approximate time required for a surface wave to traverse 
the entire length of reflective grating Gl and return 
L0 along the length of reflective grating G2. In the ab- 
sence of a perturbation the output of receiver trans- 
ducer R2, when analyzed by interface circuit 22, will 
supply a signal to computer 22 which is indicative of 
the fact that an uninterrupted burst of surface waves 
15 traversed substrate surface 16. without interference. 
The computer relays this information to controller 12 
which, in turn, maintains the graphics display on the 

CRT undisturbed. 

Assuming now that an operator wished to select 
20 a graphic other than that being displayed. A menu, 
such as a chart or other type of directory, would in- 
dicate which particular area of display surface 16, 
should be touched to call up the desired graphic. Ac- 
cordingly, asruming that the particular area is that 
25 designated Al in Figure 2, the operator then inserts 
his finger into the grid of intersecting surface waves 
by touching the display surface at Al, which action 
causes a portion of the acoustic surface wave energy 
traversing the touched area to be absorbed. This act 
30 of touching is best explained, and manifested, by ref- 
erence again to Figured which depicts the effect upon 
the output waveform of Rl attributable to a perturba- 
tion of the surface wave traversing the display surface 
in the vicinity of area Al. This effect is manx- 
35 fested in the waveform as a dip Dl along the time axis 
which corresponds to the point where the operator 
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touched the panel. Let us assume that the point of 
touch occurred approximately one-fourth of the distance 
along the major axis of the display surface commencing 
from the left side/ as viewed in Figure 2. As previously 
5 noted, it was assumed that the time entailed for a 
surface wave to travel the length of grating Gl was 88 
microseconds. One- fourth of that time would be 22 
microseconds. Adding to that number the 64 microseconds 
required for the wave to traverse the paths parallel to 
10 the minor axis of the surface, the 22 microseconds 

entailed in traversing a corresponding portion of array 
G2, and finally adding the 4 microseconds (2 + 2) 
initial and terminal transit times, the detector, out- 
put waveform would indicate that a perturbation of the 
15 wave burst transmitted by Tl and subsequently received 
by Rl, occurred approximately 112 microseconds (2+2 
+ 64 + 22 +22) after the transmitter Tl launched the 
surface wave under consideration. This 112 microsecond 
interval is analyzed by computer 22 which informs the 
20 controller 12 that a perturbation was detected by re- 
ceiver Rl at a particular instant in the time domain. 

Preferably, a short time later, a surface 
wave burst is launched by transmitter T2 and reflected 
by gratings G3 and G4 to return the components of that 
25 wave to receiver R2. m the manner described above 
With reference to a perturbation detected by Rl, the 
surface wave components now traversing a path ph paral- 
lel to the major axis of the display surface are de- 
tected by R2 which establishes, in like fashion, the 
30 occurrence and time when the aforementioned perturba- 
tion of the wave, manifested in Figure 4 as dip D2 
was experienced along the Y-axis . Applying this time- 
related information to that developed relative to the 
other axis, the computer informs controller 12 of the 
35 coordinates of the perturbation (touching Al) so that 
the controller may deliver for display upon the CRT 
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screen the particular graphics associated or assigned 
to the location at which the touching occurred. 

It is recognized that simultaneous operations 
to identify both coordinates are possible, but the 
5 preferred mode of operation is to alternate between 
the two. The latter practice eliminates crosstalk 
problems and makes it possible to economize by switching 
certain circuit elements (e.g. a tuned amplifier) be- 
tween coordinate identifying channels, instead of 
10 duplicating such elements. 

In an embodiment successfully reduced to prac- 
tice the above-described gratings G1-G4 were formed 
by resort to a si lk- screening technique in which a frit 
(solder glass) material was deposited in the pattern 
15 depicted in Figure 2. More particularly, the actual 
configuration and spacing of the grating element pat- 
tern was computer generated utilizing the finger-with- 
drawal method. Consider first a basic reflective linear 
array comprising a multiplicity of surface wave reflecting 
20 fingers (elements) of equal width, equally spaced and 
collectively disposed at 45 degrees to the longitudinal 
axis of the path they define. Desirably, the spacing, 
or pitch, between adjacent elements should be one wave 
length of the frequency of the burst of acoustic waves 
25 launched by the transmitting transducer. An acoustic 
wave traversing such an array in which the reflecting 
fingers are uniformly spaced will experience an ex- 
ponential attenuation of power with distance so that 
little, if any, acoustic wave energy is available for 
30 reflection at the terminus of the array. Moreover, a 
uniform array of the type adverted to results, of neces- 
sity, in exponentially decreasing power density with 
distance in the reflected acoustic wave components di- 
rected across the display surface. In other words, the 
35 power density of the initially reflected wave components 
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will be significantly greater than that of subsequently 
reflected wave components. Desirably, the reflected 
wave components traversing the display surface should 
be characterized by a substantially constant power 
5 density, as graphically depicted in Figures 3 and 4, 
otherwise those plots would depict an exponentially de- 
creasing amplitude. 

The desired constant power density of the re- 
flected waves is achieved, in an execution that has been 
10 reduced to practice, by a patterned deletion of a 

grating's reflective elements in which the percentage 
of deleted elements decreases gradually from the launch 
point to the terminus of the grating. This results in 
a progressively increasing coefficient of reflectivity 
15 culminating in the sought for constant power density. 

A reflective grating tailored for the above- 
mentioned execution was designed from an initial array 
of approximately 300 equally spaced elements having a 
pitch (in the direction of wave propagation) of one 
20 wavelength of a four MHz acoustic wave. In practice 
elements are selectively deleted to the end that the 
spacing between remaining adjacent elements in the 
grating is a multiple of the above-mentioned one wave- 
length. In the subject execution array elements were 
25 selectively deleted in accordance with the following 
formula : 



C-1 



c exp (x^I 

in the above expression, p is equal to the 
30 density of elements at coordinate x, where x is the 
distance measured from the far end of the array back 
toward the launch end. when x equals zero, element 
density is unity, which is the case. for a uniform array 



with no elements deleted. C and L are constants, the 
values of which are determined by recourse to experi- 
mental data and depend upon the material properties of 
the display panel and the reflective elements , the 
5 length, width and thickness of the reflective elements, 
etc. The resulting grating comprised an array of approxi- 
mately 130 elements having a pattern determined by the 
above formula and in which individual elements were 
.7" long and .011" wide. 
10 Having described a preferred embodiment of the 

invention, a number of the principles underlying the 
invention and variants of the preferred embodiment will 
be discussed. Whereas the preferred embodiment of the 
invention is illustrated as providing for touch position 
15 detection in Cartesian coordinates, it should be under- 
stood that the principles of the invention are applicable 
in devices having angular or other coordinate systems, 
or in devices having a single coordinate axis. 

The preferred embodiment has been described 
20 in the context of a system for launching a burst of 
surface waves into a reflective array or grating from 
which is derived a plurality of burst components. The 
array redirects these components across the. display 
surface. In a broader sense , the invention may be 
25 thought of as surface acoustic wave scanning means 
including input surface wave transducer means coupled 
to a surface wave propagating substrate for scanning 
the surface in the direction of the coordinate axis 
with a timed succession of surface wave bursts directed 
30 in substantially parallel paths across the surface 

transversely to the said coordinate axis. The plurality 
of paths are respectively associated with different 
positions along the coordinate axis of the display sur- 
face. As the touch position information is developed 
35 by timing the surface wave burst component which is 
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perturbed, the starting time of each of the succession 
of surface wave bursts which are directed across the 
panel must be carefully controlled. m the aforesaid 
preferred embodiment, the timing is inherent in the 
5 propagation velocity of the surface wave burst as it 
travels through the reflective grating. Other embodi- 
ments are contemplated wherein the launching of the 
bursts of surface waves or wave components along paral- 
lel paths across the panel is determined by other than 
10 the natural propagation velocity of surface waves on 
the display surface. For example, in the embodiment 
vherein a reflective array such as is shown in Figure 
2 xs used to launch the surface wave burst components 
across the panel, the reflective array may be formed 
15 on a separate strip composed of a material having a 

different wave propagation velocity, such as a different 
glass or a metal, which is adhered to the display sur- 
face, care must be taken to insure an efficient transi- 
txon of the waves from the reflective grating onto the 
20 display surface, as by feathering the interfacing edge 
of the strip. The wave reflective array may be formed 
on a separate strip for other reasons also, such as 
ease or economy of manufacture. 

In a broad sense, the invention may also be 
25 thought of as an absorption ranging system, quite unlike 
the above-discussed reflection- type ranging system shown 
in the aforementioned United states " Patent No. 3,653 031 
in the present invention, the absence of wave energy or ' 
the presence of wave energy at a reduced level, as 
30 results when a finger, or a stylus reasonably capable of 
absorbing acoustic surface wave energy, damps the ampli- 
tude of a surface wave burst propagating through the 
region of the touch, is sensed and the timing of that 
^formation is utilized to determine which of the plur- 
35 alxty of burst propagation paths has been perturbed, 
and thus the location of the touch. One will note that 
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in the preferred embodiment, the time required for the 
surface wave burst components to propagate across the 
panel is constant for all burst paths. However, the 
time required for the surface wave burst launched by the 
5 input transducer to propagate to the point at which it 
is again redirected across the panel, and from the point 
at which it is redirected to the output transducer, 
varies along the coordinate axis along which the touch 
may occr. It is this varying distance, and the surface 
10 wave propagation time associated therewith, which is 
used in the present invention to locate the position of 
a touch along the coordinate axis. 

Unlike prior art systems which have a fixed 
number of emitters along one side of the touch panel 
15 and a corresponding fixed number of detectors along 

the opposed side thereof and which detect the position 
of a touch by determining which of the emitter-detector 
pairs have been triggered, the present invention teaches 
° the formation of a continuous succession of surface 
20 wave bursts which sweep across the panel and develop at 
the output an analog output signal. With the present 
invention, a touch panel system designer has a free 
choice, by detection circuit design, to pick touch 
panel specifications conforming to the specifications of 
25 a device driven by the display ~ a computer, for ex- 
ample — without making mechanical changes. This subject 
will be treated at length below. 

Figure 5 will further an understanding of cer- 
tain principles underlying the present invention, and 
30 certain desired optimizations. Whereas other means may 
be devised for redirecting a burst of surface waves 
launched by the input transducer across the display 
surface, as in the preferred embodiment described above, 
Figure 5 shows a reflective grating 40 for this purpose. 
35 The grating is shown as comprising reflective elements 
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El E2, E 3, E4 , and E5 arranged in the direction of the 
touch coordinate ay* <= ai -r 

C2. C3, C4 and C5 ^ "< 

10 transducerTr^uxTiVT ^ " « **• 

surface waves f™ « * °* •*» J -«*"toa. 

the cyclL c -CsTs^ , r: cf 
of «.„ selected to be equal to the period 

°f the grating 40. The first cycle CI of signal 42 

IZTTl 3 flrSt SUrfaM ™* *- PartiX L 

oTe^e'T- E1 ° f 9r " in3 
to a*is 41. SL rSectel T " " d * Srees 

90 decrees to "f 1 "*^ SUrface »«• Propagates at 

20 surface „L ^7 ^ ° f U ""«*- 

in Figure 5 as Til surface wave is labeled 

-eloped b^r^Tc^e cT asT™ "™ 
grating element El. ' " refle °ted from 

25 element ^VZ^T^ T"** 

13 sftowI » in Figure 5 at C1E2. The s „rf a . Q 

cr:: s an r d ef ci e :r fron eiements e3 - e * «• ^-n- , 

cycle « of rh reSPe " iVel ^ ^larily, the second 

3o : l : i\r r^r-.— - 
e p : a r ::i; lt^* 9 a secona »* — - of 
pro^Lt r f L°r c~r - r pattera of — 

leggina in «». k * si s*»l. but 

cySes cT-cTT T CyClS - Simil - 1 V. input signal 

35 Thus the appl"f:° e ^ SMfaCe — ^"ems. 

the applrcatron of input signal 42 results in a 
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burst of surface waves from the input transducer 44 
which propagate through the reflective grating 40. A 
plurality of surface wave burst components are derived 
from the grating 40 which propagate across the display 
5 surface. As used herein, C1E1, C2E1, C3E1, C4E1, C5E1 
constitutes one burst component. Another would be C1E2, 
C2E2, C3E2, C4E2, C5E2. It is preferred that the burst 
components be heavily overlapped to produce at the 
output a smooth analog signal, as will be discussed at 

10 length below. 

The output developed by an output transducer 
45, positioned as shown in Figure 5, will take the form 
shown schematically in Figure 6 wherein the amplitude of 
the detected signal will rise to a peak and then decay 
15 to zero. This can be easily understood from Figure 5 
wherein it can be seen that the burst of surface waves 
is led by single wave C1E1, which is followed by a double 
wave C1E2, C2E1 in turn followed by a triple wave, and 
so on. After the peak is reached, the number of surface 
' 20 waves which add at the output progressively decreases 

until the burst has passed and the detected wave energy 

falls to zero. 

It has been discovered that if signal/noise 
ratio is considered, there exists an optimum relation- 
25 ship of surface wave burst length to input transducer 
width (or more precisely, width of gratings Gl, G2 
etc.). Specifically, in a preferred execution of the 
present invention, the duration of the input surface 
wave burst ("T") emerging from the input transducer 
30 should be in the range of 1.0 w/c to 2.0 w/c where »w« 
is the above-mentioned width and "c" is the velocity of 
propagation of surface waves on the conducting substrate. 

The implications of the above can be better 
understood by reference to Figure 8 which is a highly 
35 schematic representation of a rectified version of the 
wave form of a signal which might be produced at the 
output of the output transducer in touch panel display 
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apparatus according to the present invention. Figure 
8 is a schematic illustration corresponding to Figures 
3 or 4 discussed above. Using an optimized configura- 
tion, as described above, an output signal 48 results in 
5 which the amplitude dip 49 resulting from a damping of 
a burst of surface waves in a particular burst, path has 
substantial amplitude. The signal to noise ratio of the 
signal 48 is adequate. The dip 49 in the waveform of 
the rectified signal 48 corresponding to the detected 
10 damping of the wave has a well-defined bottom which can 
be located with extreme precision, as will be discussed 
below. if the length of the input burst of surface 
waves is substantially above the optimum range, the out- 
put- transducer will develop an output signal having an 
15 envelope with an excessively .elongated trapezoidal shape, 
as shown schematically in Figure 7. in Figure 8, the 
waveform 50 represents the type of rectified output 
which would result — namely an output signal having 
a dip 51 associated with the perturbation which has a 
20 poorly defined bottom and thus poor touch resolution. 
Conversely, if the input burst of surface waves (the 
duration of the input signal 42) is significantly shor- 
ter than the optimum length, a weak signal will result 
such as shown in Figure 8 at 52, with lower signal- to- 
25 noise ratio and thus a signal whose reliability and touch 
resolution is poor. It is the signal-to-noise ratio of 
the signal developed at the output transducer which 
determines the limiting touch resolution in the present 
system. 

30 B y wa y of example, the spacing of the grating 

elements and the wavelength of the surface waves which 
make up the surface wave bursts may, for example, be 
thirty mils (.030"). In determining the optimum input 
burst length in accordance with the present invention, 

35 one factor which must be taken into account is the dis- 
tance the surface waves will travel across the panel 



without significant spreading due to diffraction ef- 
fects. As a rule of thumb , a surface wave will prop- 
agate from its launching transducer a distance roughly 
equal to the square of the width, of the transducer, 
5 measured in number of wavelengths, without excessive 
spreading. By way of example, to launch a surface wave 
across a fifteen inch wide panel, the input transducer 
should be about twenty- four wavelengths wide. Assuming 
a thirty mil wavelength, the surface wave b>urst will 
10 travel approximately 576 wavelengths or about seventeen 
inches, before significant spreading occurs. In practice, 
however, it has been found that for a fifteen inch panel 
width, the transducer need only be about 16 wavelengths 
(.48 inches) wide; this favorable finding is explained 
15 by the simultaneous action of two gratings (e.g. Gl and 
G2) .in determining the wave paths across the display 
surface. Now, if the surface wave velocity on the dis- 
play surface is 120 mil per microsecond (=3000 meter/ 
second), then w/c equals 4 microseconds, and consequently 
20 the optimum burst duration is between 4 and 8 micro- 
seconds, corresponding to the range of 16 to 32 cycles. 
The frequency corresponding to these figures, determined 
by the quotient of velocity c and wavelength, equals 4 
Megahertz. 

25 It is important to note that with bursts as 

long as 32 cycles passing through the grating, maintain- 
ing the correct relationship between the transmitted 
frequency and the mutual spacing S of the reflecting 
strips is important. In the embodiment described so 

30 far, the strips are oriented at 45 degrees to the direc- 
* tion of the incident wave, and the proper spacing for 
this case is one wavelength or an integral number of 
wavelengths; the correct frequency is f=^ or an integral 
multiple thereof, and the transmitted frequency should 
35 be very close to the theoretical value? for shorter 
bursts, i.e. those containing fewer cycles, frequency 
tolerance is proportionately wider. Power reflectivity. 
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to be defined later, must also be determined at the cor- 

Zlt T q T CY ' reaSOn ' U is -Portant 

that the chosen value of S be accurately maintained 
constant along the entire grating, with the exception 
5 that integral multiples bf s are allowed. 

As intimated above/ the present invention is 
• ^^ngu^h^from.oth^r touch panel systems,- in its 

preferred form, in its particular utilization of an ana- 
log output signal. in accordance with an aspect of this 
10 invention, circuit means are provided which are coupl^ 

a JmY 11 ^ ° UtPUt transd — — for initiating 

nentr ° f Surfa ~ — e bursts, or burst compo- 

nents, on the display surface and for detecting touch- 
induced perturbations of received wave bursts, the cir- 

15 curt means .deluding means for rectifying the output 

from the output transducer means to develop an electrical 
«T ati0n ° f *" and for a^^T 

"on of r : PreSent±ng of said characteri 2a ! 

tion of saxd perturbation. From that output, it is de- 

20 termined which of the pluralit v „ f 

bv ^, Plurality of paths was traversed 

tlon f T P6rtUrbed ^ Md thereb ^ th * Ma- 

tron of the touch along the coordinate axis of the dis- 
play surface. 

A number of arrangements are contemplated for 
25 analy 2ing the output signal to determine the timing Z 
the w aV e burst perturbation. m a preferred embodl 
^t means are provided for sampling the amplitude of 
the recced output from the output transducer at a 

30 T ra ' ltY ° f t±me SPaCed POintS ' Means «• P-vided 
30 for storing the amplitude samples for future reference. 
During a touch of the display surface, means are pro- 
vided for again sampling the amplitude of the output 
transducer output and comparing the developed touch- 
related amplitude samples with the stored reference 
35 samples. Means are provided for developing a signal 
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representing the point of greatest difference, or if de- 
sired the greatest ratio, between the amplitudes of the 
reference samples and the touch-related samples and 
thus the timing of the touch- perturbed wave burst. 
5 As mentioned above ," a designer utilizing the 

present invention has a free choice in tailoring the 
touch panel specification to the standards of a device 
driven by the panel. That is, the sampling means can be 
adjusted and designed to sample at any selected time 
10 interval to correspond to the standards of the driven 
device. For example, if the touch panel apparatus 
drives a computer, the sampling frequency may desirably 
be selected to correspond to every character or every 
other character for which the computer is programmed. 
15 Typical computers, today have 640 matrix points along a 
horizontal line, corresponding to 80 characters. One 
would like to have touch resolution elements that have 
some integral relationship to the number 640, if the 
driven computer has 640 horizontal matrix points. There 
20 is nothing inherent in the output signal developed in 
accordance with the present invention that needs to be 
changed if one wishes to drive a computer having, in- 
stead, 512 matrix points (64 characters) along its 
horizontal axis. All that is required is that the 
25 timing of the electronic sampling signal be changed. 
This is not true of prior art fixed emitter systems 
because they cannot readily be changed to meet a dif- 
ferent standard. Thus, in such prior art systems, a 
physically different touch panel would have to be pro- 
30 vided for every standard desired to be met. With the 
present invention, only the timing of the sampling sig- 
nal need be changed to accommodate a variety of different 
standards in the driven devices. 

Yet another approach to analyzing the output 
35 from the output transducer to determine the timing of 
the perturbed wave burst is to provide differentiating 
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means for differentiating the rectified output of the 
output transducer means. The zero crossing of the re- 
sulting signal represents the timing of the touch- 
perturbed wave burst. while the differentiating ap- 
5 proach has the advantage that relatively inexpensive 
electronics can be utilized, the gratings employed in 
-,- sucJi..a j systemjuustJbe..ve I y- carefully tailored to insure 
that the burst components issuing from and intercepted 
by them will enable the output transducer to produce a 
10 substantially flat output signal. Moreover, the dif- 
ferentiating approach is vulnerable to interpreting the 
presence of a contaminant (e.g., grease on the display 
surface) as a "touch". 

The above described preferred embodiment 
15., (Figure 2). is, .shGwn,_as having reflective gratings Gl, 
G2, G3 and G4, the elements of which are non-uniformly 
spaced. As already noted, in a practical embodiment 
this is desirable since a grating whose elements are 
unxformly spaced would reflect uniformly and thus pro- 
20 duce an exponential fall-off in radiated power along 
its length. That is to say, if £or each unit of length 
along the fixed grating, a fixed percentage of the power 
incident thereupon is radiated sideways, a smaller 
residue of power remains. if the same fixed percentage 
25 of that power is radiated in the succeeding section, it 
can be seen that the power decreases in a geometrical 
progression. 

By way of review, desirably, a flat response 
such as is shown in Figures 3, 4 or 8 is preferred. m 

30 accordance with an aspect of this invention, the re- 
flectivity of the reflective elements constituting the 
reflective grating or gratings which adjoin the input 
transducer is weighted such that the initial elements 
have a relatively low reflectivity and the succeeding 

35 elements have increasing reflectivity, stated in 



- 28 - 0 1 90 734 

another way, the reflective array has an increasing co- 
efficient of reflection in the direction away from the 
adjoining transducer so as to compensate for the fall- 
off in wave amplitude which results from the continuing 
5 diversion of wave energy into paths across the panel. 
It. should be understood that the reflective array ad- 
joining the input transducer should have increasing 
reflectivity in the direction of wave propagation , 
but for the array adjoining the output transducer, the 

10 array should have a corresponding decrease in reflectivity 
in the direction of wave propagation. Thus, in both 
cases, the reflectivity should increase in the direction 
away from the adjoining transducer. This desirable at- 
tribute is realizable in the Figure 2 embodiment by 

15 virtue of the depicted non-uniform spacing of the re- 
flective elements constituting each of .gratings Gl- 
64. 

For perfect uniformity of the transversely 
radiated surface wave power , and assuming no power loss 

20 by dissipation anywhere in the array, thie power along 
the array must decrease linearly with distance. For 
this to occur, the power reflectivity must increase 
inversely with the distance remaining to the point, 
beyond the array where the linearly decreasing power 

25 would drop to zero. (As used herein, reflectivity is 
the fraction of the longitudinally incident power di- 
verted transversely per unit length.) In other words, 
power reflectivity K must increase with the distance 

x from the transducer in accordance with K= 1 
3Q G-X+l/Ke 

where Ke is the maximum reflectivity actually used at 

the far end where x=G, the symbol G representing the 

length of the grating. Note that K and Ke have the 

dimension of a reciprocal length (fraction of power 

35 diversion per unit length) . 

There are a number of ways the reflectivity of 
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the -grating can be increased in the direction away from 
the adjoining transducer so as to flatten out the output 
waveform of the output transducer. One way would be to 
increase the thickness of the reflective elements in 
5 the direction away from the adjoining transducer, as 
the power reflectivity is proportional to the square 

- - of the thickness of the reflective elements.. This could 
be done, in theory, by screen printing or etching (where 
grooves are used) , however in practice this approach 

10 might prove to be difficult to execute. 

A second, more practical, approach is to remove 
selected ones of the reflective elements in accordance 
with a formula which yields the desired increase in 
reflectivity along the array. See Figure 9, also Figure 

15 2 and the earlier .discussion concerning tailoring a 

reflective grating. For example, if one wished to cover 
a range of power reflectivity variation of 9 to 1 
(an amplitude ratio of about 3 to 1) , one would elimin- 
ate, two, of every three strips at the beginning of the 

20 array. strips would be gradually added (fewer strips 
eliminated) along the length of the array until at the 
end of the array, no strips would be eliminated. This 
is a practical method and has been reduced to prac- 
tice successfully. 

25 Yet another method involves weighting the 

reflectivity of each of the individual reflective elements 
as shown schematically in Figure 10 by fragmenting 
individual elements of an array G'l. The elements have 
greater interruptions (which may be produced according 

30 to a random formula) at the end of the array nearest the 
transducer (input or output) than at the opposite end 
of the array. 

In yet another embodiment (Figure 10A) , the 
reflective array G«l has array elements whose individual 
35 length increases in the direction away from the ad- 
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joining transducer and whose individual position in a 
direction along the length of the element is varied 
within the side boundaries of the array. With all these 
methods , the reduction in element length P corresponds 
5 to an equal reduction in amplitude of the reflected 
burst, and the power reduction , above referred to as 
K/Ke, equals^ 1 ! . 

The same technique can be used, that is, weight- 
ing the reflective elements according to a prescribed 

10 reflectivity shading formula, to compensate for energy 
dissipation in the reflective array or other factors 
for which compensation may be desirable. The equation 
previously mentioned in connection with the preferred 
embodiment allows for uniform dissipation. Various 

15 other applications of the principles of the present 
invention will now be discussed. 

Whereas the preferred embodiment is described 
as having separate input and output transducer means and 
means redirecting a burst of surface waves launched from 

20 an input transducer to a different output transducer, it 
is contemplated that the input transducer may also be 
the output transducer. See Figure 11 wherein a re- 
flector 60 is employed to reflect the waves launched 
by the common input/output transducer 61 back across 

25 the panel where they are redirected by a grating 62 
back to the input/output transducer 61. 

The reflector 60 may consist of a series of 
half-wavelength spaced reflecting elements — either 
raised or depressed grooves — as is well known in the 

30 surface wave art. 

Figure 12 illustrates yet another embodi- 
ment of the invention comprising a substrate 64 to which 
is coupled an input transducer 66 for launching a burst 
of surface waves on the surface of the substrate 64. 

35 Surface wave redirecting means includes a grating 68 of 
the character of the gratings described above for re- 
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directing surface wave burst components derived there- 
from across the surface of the substrate 64 to output 
transducer means 70 along a plurality of paths of dif- 
ferent lengths which are respectively associated with 
5 different positions along a coordinate axis on the dis- 
play surface. 

The Figure 12. embodiment differs from other 
embodiments described in that the output transducer 
means 70 extends in the direction of the coordinate 

10 axis 69 and is of such length as to intercept each of 
the plurality of burst component paths. Circuit means 
(not shown) may be provided for initiating surface wave 
bursts on the surface and for detecting touch- induced 
perturbations of received wave burst components. It 

15 will be understood that unlike the other embodiments 
described, the varying component of the transit, time of 
each of the surface wave burst components will only be 
half that in the aforedescribed embodiments. in the 
aforedescribed embodiments the variable part of the 

20 transit time of the surface wave burst component had an 
outgoing component and a returning component, whereas 
in the Figure 12 embodiment, the surface wave burst com- 
ponent trans it time has only an outgoing component. It 
is, of course, understood that the functions of input 

25 and output transducer may be interchanged. 

Yet another embodiment of the invention is shown 
schematically in Figure 13. Whereas in each of the afore- 
described embodiments, the wave redirecting means, or 
reflective grating, is continuous, producing an analog 

30 output signal, in the Figure 13 embodiment the wave 

redirecting means comprises discrete groups of wave re- 
flective elements, two of which groups are shown at 72 
and 74. The groups are spaced in the direction of the 
coordinate axis such that the paths of the surface wave 
35 burst components, shown schematically at 76, 78, are 
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discrete and non-overlapping. 

The output of the output transducer (not shown) , 
rather than being an analog signal as shown for example 
at 48 in Figure 8, will have a pulse characteristic as 
5 shown , for example, in Figure 14. In Figure 14 the pul- 
ses 80 have a height which defines an envelope corres- 
ponding to the wave form 48 in Figure 8% In Figure 14, 
a pulse 82 of reduced height corresponds in time to the 
timing of a surface wave burst component which has been 

10 perturbed by its passage through a touched region on the 
surface of the touch panel apparatus. 

In the Figure 13 embodiment, circuit means 
(not shown) includes processing means for processing the 
pulses and may develop a waveform such as shown in Fig- 

15 ure 15 consisting of a series of pulses 84 wherever the 
pulse height exceeds a predetermined threshold and a 
pulse void 86 corresponding to the missing pulse 82 
(less than the threshold) . The circuit means afore- 
described for initiating surface wave bursts on the sur- 

20 face and for detecting touch- induced perturbations of 
received wave burst components may include means for 
determining, by an analysis based on the timing of the 
detected pulse void associated with a perturbed wave 
burst component or by counting the pulses preceding the 

25 void, which of the plurality of paths was traversed by 
the touch-perturbed wave burst component and thus the 
location of the touch along the coordinate axis of the 
display surface. 

Figure 16 illustrates yet another embodiment 

30 of the invention in which the coordinate axis is not 
linear, but rather is angular. Such a one-coordinate 
system (angle only) could be used, for example, on the 
cover of a conventional meter to initiate an action in 
response to the meter reading. The Figure 16 embodi- 

35 ment, which shows such a system in highly schematic 

form, comprises a display substrate 88 coupled to which 
is an input transducer 90 for launching circular sur- 
face waves which radiate outwardly across a display sur- 
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face having angular coordinate markings 92 from the 
apparent center point of the angular coordinate system. 
Surface wave redirecting means in the form of a series 
of dxscrete reflectors 94 redirect the wave components 
5 derxved from the burst to an output transducer 96 along 
a plurality of paths of different lengths which are re- 
spectively associated with different angular positions 
on the dxsplay surface. circuit means similar to that 
described above, coupled to the input and output trans- 
10 ducer means 90, 96 for initiating surface wave bursts 
on the surface of the substrate 88 may be provided. 
As for the above described embodiment, the circuit means 
includes means for determining by an analysis of the 
transxt time of a detected perturbed wave burst com- 
15 ponent, which,,*, the plurality of radial paths was 

traversed by the touch-perturbed wave burst component, 
and thus the angular location of the touch along the 
angular axis of the display surface. 

The Figure 16 embodiment illustrates that 
20 the principles of the invention may be employed in a 
system in which the redirecting means does, not redirect 
the surface waves across the display SUrface fQr de _ 
tectxng a touch, but rather intercepts the surface 
waves after they have traversed the display (touch) 
25 surface Xt is, however, understood that the functions 
of input and output transducers may be interchanged, 

to red ! ^ d ° ne ' redirecti *9 -ans 94 functions 

to redxrect the surface waves, now generated by trans- 

30 r C€ V!' ° nt ° radial PathS aCr ° SS «» dis ^»y ^face 
30 toward transducer 90. As in each of the above embodi- 
ments, an output signal will be developed which reveals 
a perturbation associated with a touch of the display 
surface, and the timing of which perturbation signi- 

35 I ° r u Can ^ Pr ° CeSSed to ^9n±fy t the position of 

35 the touch on the panel along the predetermined coordinate 
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Figure 17 illustrates one way in which the 
apparatus 10^ of Figure 1 can be physically connected 
to a control system 110 in order to develop control sig- 
nals indicative of touch position and touch pressure by 
5 a user on the substrate surface 16 of apparatus 10 - 

To this end, the touch panel control system 110 , 
which is detailed in Figure 17A and fully described 
below, includes a computer 122 for rendering associated 
circuitry operative in a predetermined sequence so that 

10 when a touch- induced perturbation of acoustic wave 

energy is detected, converted to an electrical signal 
and fed back to the computer, the location of the touch, 
as well as the touch pressure employed to induce the 
perturbation, are identifiable by the computer and con- 

15 verted to control signals containing information in- 
dicative of touch location and touch pressure. As will 
be shown, these signals are applied to a controlled 
device 123, which can be the display device 14 shown 
in Figure 2. 

2o As shown in Figure 17, the substrate surface 

16 of device 14 supports a pair of input, or. trans- 
mitter transducers Tl, T2 and a pair of output, or 
receiver, transducers Rl, R2. In a manner to be de- . 
scribed below, in connection with the explanation of 

25 system 110 transducers Tl, T2 are stimulated by firing 
signals in a timed sequence so that the location of a 
subsequent perturbation of a surface wave is identifiable. 
Input transducers Tl, T2, which are more particularly 
described below, are mounted upon substrate surface 16 

30 adjacent to edges 18 and 20, respectively, see Figure 
2. A source T1/T2 switch associated with the computer 
122, shown in Figure 17A serves to apply input firing 
signals SI, S2 to respective transducers Tl, T2, which 
transducers, in response thereto, individually launch 

35 a burst of acoustic surface waves along first and second 
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paths Pi, P2, respectively on substrate surface 16. 

Also as shown in Figure 2, first and second 
output transducers Rl, R2, are mounted upon substrate 
surface 16 adjacent to respective edges 18, 20 that is, 
5 the edges close to their associated input transducer 
Tl,. T2. As discussed^above, transducers Rl, R2, upon 
receipt of the surface waves launched by their associated 
input transducers that experience as touch-induced 
perturbation will develop respective output signals 
0 S3, S4 which, upon analysis, will exhibit a first 

characteristic indicative of the position, or location 
of the touch on the substrate surface and a second 
characteristic indicative of the touch pressure. 

As shown in Fig. 17 A the output signals S3, 
15 S4 are applied to means including an amplifier and AM 
detector 140 which is coupled to the outputs of re- 
ceding transducers Rl, R2 for determining which of 
paths ph, pv the touch-perturbed wave traversed and 
thereby establish the location of the touch along two 
20 coordinates of substrate 16 in the manner described 

above generally with regard to Figures 2 thru 4, inclu- 
sive. 

The manner in which the touch panel control 
system 110 of Figure 17A serves to generate and apply 
25 firing signals to substrate transducers Tl and T2 and 
to analyze touch-perturbed surface wave components de- 
livered by receiver transducers Rl and R2, will now be 
presented. 

Figure 17A comprises a block diagram of control 
30 system 110 which is connected between the input trans- 
ducers Tl, T2 and the output transducers Rl and R2. 
As will be explained in further detail hereinafter 
control system 110 initiates the generation of prooerly 
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timed surface acoustic waves across substrate suPfU?eQ^34 
16 Of the touch panel and processes the analog output 
signals SI, S2, produced in response thereto , graphical- 
ly depicted in Figures 3 and 4 , for deriving respective 
5 control signals containing information indicative of 
touch position and touch pressure. 

More particularly, the control system 110 
comprises the computer. 122 having a strobe output ter- 
minal 142 connected to the start input of a counter 144 

10 and to the input of a burst generator 146. in response 
to a strobe signal, which defines the beginning of a 
memory "write" cycle, burst generator 146 generates a 
high frequency burst (for example, 16 to 24 cycles at 
4 MHz) which is coupled to a T1/T2 (X/Y) switch 148 for 

15 application to the Tl and T2 transducers. The state 
of switch 148 is controlled by a bit developed on an 
X/Y output 150 of computer 122 such that the burst 
is alternately coupled to the X and Y transducers (Tl/ 
T2) for producing surface acoustic waves across the 

20 touch panel in the X and Y (as they are conventionally 
designated) directions. The strobe signal also enables 
counter 144 which begins counting clock pulses generated 
by a clock 152. The output of counter 144 comprises 
a sequence of address signals which are coupled by an 

25 enabled tri-state buffer 154 to an address bus 156 
for application to the address input of a RAM 158. 
The amplitude modulated signal 153 or 154 developed by 
either the Rl or R2 output transducers in response to 
the high frequency burst is coupled by the amplifier 

30 and detector 140 to the input of an A/D converter 160. 
A/D converter 160 converts the analog input signal to a 
digital format, for example a six bit signal, the digital 
signal being coupled by a second enabled tri- state buffer 
162 to a data bus 164 for application to the data input 

35 of RAM 158 as well as to the input of a third tri-state 



NSDOCID: <EP 0190734A1J_> 



, - 37 - 

buffer 166 whose output is connected to the' data^ipiST^ 
of computer 122. A fourth and final tri-state buffer 
168 is coupled between an address, output of computer 
122 and data bus 156. During a memory "write" cycle 
5 initiated by a strobe pulse on output 142 of computer 
122, buffers 166 and 168 are both disabled inhibiting 
the application of data to computer 122 via buffer 66 
and the application of address signals from computer 122 
to address bus 156 via buffer 168. Thus, during the 

10 memory "write" cycle a plurality of digital samples, 
e.g., 320, of the X or Y analog output signal are 
written into RAM 158 in response to the address sig- 
nals from counter 144. 

After counter 144 completes a full counting 

15 cycle, (i.e. 320 clock pulses) it is internally held in 
its final counting state and an output 170 thereof 
transitions from a logically low to a logically high 
state. This transition defines the end of a memory 
"write" cycle and the beginning of a memory "read" 

20 cycle. In particular, the logically high level on 

output 170 enables buffers 166 and 16 8 and is coupled 
through an inverter 172 for disabling previously enabled 
buffers 154 and 16 2. During the ensuing memory "read" 
cycle, address signals generated by computer 122 are 

25 therefore coupled through enabled buffer 168 to address 
bus 156 for reading the digital samples stored in RAM 
158 onto data bus 164. The stored digital samples read 
onto data bus 164 are coupled through enabled buffer 166 
to computer 122 which, as will be explained in further 

30 detail hereinafter, processes the data to develop two 
control signals on outputs 174 and 176 respectively 
representing the position and pressure of a touch on 
the touch panel substrate 16. After all of the samples 
stored in RAM 158 have been read into and processed by 

35 computer 122, another strobe pulse is developed on 
output 142 initiating a second memory "write" cycle, 
followed by another memory "read" cycle, and so on. 
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It will be understood that the X/Y bit on output°lt? 0 7 ^ ^ 
toggles X/Y switch 148 during alternate memory "write" 
cycles so that surface waves are alternately generated 
in the X and Y directions. 
5 In a preferred embodiment of the invention, 

the first two memory "write" cycles following power-up 
of computer 122 establish reference profiles of the 
analog output signal s both the X and Y directions 
against which subsequent outputs are compared to es- 

10 tablish touch position and pressure* These reference 
profiles are stored in a reference RAM 178 of computer 
122 during the memory "read" cycles following the first 
two memory "write" cycles. 

During each subsequent memory "write" cycle, 

15 which is preferably accomplished at a relatively high 
speed (e.g., 4.0 Mega-writes/sec) 320 digital samples 
representing either the X or Y output signal are writ- 
ten into RAM 158. The samples are subsequently trans- 
ferred to computer 122 at a much slower rate (e.g., 

20 250 kilo- reads/sec) for processing. Computer 122 is 
programmed for comparing each sample as it is received 
from RAM 158 with the corresponding reference sample 
stored in reference RAM 178. Any positive difference 
between a reference sample stored in RAM 178 and the 

25 value of the corresponding sairple being read from RAM 
158 exceeding a predetermined noise threshold represents 
a touch on the substrate surface 16. 

The position or location of the touch on the 
panel 16 is established in relation to the memory lo- 

30 cations in RAM 178 at which the differences in the X 
and Y directions were detected. The pressure of the 
touch is established in relation to the magnitude of 
the differences. In particular, it has been found use- 
ful to average the differences in the X and Y directions 

35 to represent the touch pressure. This average difference 
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may conveniently be derived by dividing the sum c>f* tlie^^^ 
X and Y differences by a factor of two. The derived 
touch location or position information is stored in an 
X-register 180 and a Y-register 182 and developed on 
5 output 174 while the derived touch pressure information 
is stored in a pressure-register 184 and developed on 
output 176. 

For purposes of illustration the touch posi- 
tion and pressure information provided on outputs 174 

10 and 176 respectively of computer 122 are shown as being 
coupled through a pair of switches 186 and 188 to two 
controllable devices 123 and 125. With the switches 
in the positions shown in Figure 17A, both the position 
and pressure representative signals are applied to 

15 device 123. The signal on output 174 will thus provide 
touch position information to device 123 while the sig- 
nal on output 176 will provide touch pressure informa- 
tion to device 123. Since the touch pressure informa- 
tion has a high degree of resolution , preferably com- 

20 prising, for example, a six bit signal, it may be con- 
sidered to be indicative of plural discrete non-zero 
levels of touch pressure, or a continuum of levels of 
touch pressure and thus effectively represent a con- 
tinuously variable signal of the type useful for rep- 
resenting analog functions such as volume control and 

25 the like. 

When switches 186 and 188 are switched to 
their other positions, touch position information is 
directly provided to device 125 while touch pressure 
information is coupled to the device through a thres- 
30 hold detector 190. Threshold detector 190 may, for 

example, be designed to provide an output to device 125 
only when the pressure information on output 17 6 exceeds 
a selected threshold value. In this manner, an on/off 
type function of device 125 can be conveniently controlled 
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in response to touch pressure. By way of examplS/l SO T 3 4 
an application or embodiment wherein the system is 
configured as it appears when switches 186 and 188 
couple the outputs on 174 and 176 to device 125, the 
5 system could be designed such that touch pressure above 
a predetermined noise threshold activates a display or 
indicator signalling the user that a certain function 
has been selected. Pressing the panel harder causes 
a second threshold to be exceeded and the command to be 

10 "entered". As a second example, with the switches 186, 
188 in the other position, an operative touch (above the 
noise threshold) might activate a display (a car radio, 
e.g., ) — pressing harder might then control the volume 
of the output from the radio. 

15 Figure 18 depicts an embodiment wherein the 

touch panel can comprise a form of a key pad substrate 
200, that is, a control as the generation and distri- 
bution of acoustic surface waves across substrate 200 
is concerned, such generation and detection of touch- 

20 perturbated surface waves is achieved in the same manner 
as that for the principal embodiment* As shown, by the 
phantom blocks associated with the transducers, the in- 
put and output signals are processed by the touch panel 
control system 110 already described. It is contemplated 

25 that such a key pad would be particularly attractive as 
a remote controller. Specifically the key pad could be 
hand held and actuated to trace a pattern or to locate 
a cursor upon a remote display panel. When a desired 
cursor location is reached , pressure is then applied 

30 to the key pad to produce a control effect. If the dis- 
play panel is associated with a CRT, the control effect 
can be employed to change a menu, delete a word or block 
at the selected cursor location, or move a word or block, 
etc. 

35 Another area of application for such a key-pad 
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is in the field of video games. The traced 'path of 'the 
finger could develop a first signal to effect tracking 
(location) of a target on a display device then the ap- 
plication of pressure could develop a second signal that 
5 effectively fires a missile at the target. In ac- 
cordance with the invention, in each key-pad example 
discussed above, resort to the above-described touch 
panel control system serves to produce two control sig- 
nals r one related to touch location and the second re- 

10 lated to touch pressure- 
Figure 19 illustrates the application of the 
inventive touch control system to an embodiment char- 
acterized by a single coordinate touch panel 202. 
Again, surface wave generation and detection of touch- 

15 perturbated surface waves is accomplished in the manner 
above described. Specifically the control panel shown 
therein can comprise a console controller for a radio 
or a television receiver, a stereo player, etc. In a 
receiver application, the application of a touch near 

20 the left side of the panel could serve to develop a 

first control signal to activate an RF signal selector, 
then, applying pressure at that location will develop 
a second control signal that initiates a scanning across 
the RF spectrum with the magnitude of pressure being 

25 determinative of scanning speed. 

In like fashion, moving the finger to the right 
will develop a control signal that gives the operator 
control of audio volume. Then, of course, the applica- 
tion of pressure provides the second control signal to 

30 adjust volume level. Control of other functions would 
entail developing, at other locations , the two control 
signals to (1) select a function and (2) exert a control 
effect thereto. 

Beyond the field of consumer electronics, in- 

35 eluding, of course, word processors and other devices 
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utilizing a display device, it is contemplated that the 
invention would be particularly attractive in com- 
mercial installations, e.g., a bank cash station where 
a rugged substrate surface, in conjunction with the in- 
5 ventive touch control system, could be employed to input 
control signals to the station to withdraw cash, in- 
terrogate an account; etc. In fact, the invention finds 
application in any field where a pair of control sig- 
nals reflecting a touch location and accompanying touch 

10 pressure are utilizable to perform two related or even 
unrelated f unctions . 

As noted above, the display device 14 may 
comprise a CRT and Figure 20 illustrates a preferred 
form of CRT usable with the apparatus 1(3 of the in- 

15 vention. As shown in Figure 20 , a CRT 210 comprises a 
transparent flat glass facieplate 216 having a touch 
display surface 218 that constitutes a substrate similar 
to the substrate 16 described above and capable of prop- 
agating surface acoustic waves and is so characterized 

20 that a touch on that surface causes a perturbation of 
a surface wave propagating through the region of the 
touch. CRT 110 further comprises a funnel 120 the 
forward end of which is frit sealed to faceplate 216. 
The distal end of the funnel terminates in a neck 

25 section 222 which encloses an electron gun structure. 

The surface 218 of faceplate 216 is similar to 
the aforesaid substrate surface 16 in that it also 
supports a first pair of input and output surface wave 
transducer means Tl, Rl, respectively, and a second pair 

30 of input and output transducer means T2, R2, respectively. 
Further, the input transducers (transmitters) Tl, T2 are 
mechanically and acoustically coupled to faceplate sur- 
face 218 to the end that, when excited, they individual- 
ly launch respective bursts of surface waves upon sur- 

35 face 218. Output transducers (receivers) Rl, R2 are 
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similarly coupled to surface 218 so that, upon receipt 
of surface wave energy , they issue individual electrical 
output signals. The input transducers Tl, T2 are mounted 
upon faceplate surface 218 adjacent to edges 226 and 228, 
5 respectively, see Figure 21. 

• Reflective, gratings like tire gratings Gl, G2, 
G3 and G4 of Figure 2 are disposed on the substrate 
surface 218 as shown in Figure 21. Thus, the first 
reflective grating Gl is preferably disposed parallel 

10 to the upper edge of substrate surface 218. 

The second reflective grating G2 is disposed 
parallel to the lower edge 228 of substrate surface 218. 
Similiarly, the third reflective grating G3 

- - is disposed parallel-* to .the side edge 226 of substrate 

15 surface 218 while the fourth reflective grating G4 
is disposed parallel to the opposed side edge of the 
substrate surface 218. 

Thus, display surface 218 is now effectively 
provided with an overlying grid comprising a multi- 

20 plicity of intersecting paths of acoustic surface wave 
bursts which surface waves are confined to predetermined 
paths', one series p^ being disposed parallel to what may 
be termed the horizontal or major axis of display sur- 
face 218 while a second, intersecting series of paths 

25 p v are disposed parallel to the vertical or minor axis 
of the display surface. In this fashion intersecting 
wave energy paths traverse the surface of the display 
device, forming an invisible grid that overlies display 
surface 218. 

30 in the illustrated application, the faceplate, 

or panel , is commonly designated a "touch control 
panel" since graphics, or other information may be ordered 
up for display, for example, from controller 12 of Figure 
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1 in response to an operator's command which can take 
the -form of a touching of a particular area of a menu 
associated with the touch control panel. The display- 
surface 16 7 whether it be a CRT faceplate or a separate 
5 panel , constitutes a substrate the surface of which is 
•capable of propagating surface acoustic waves. 

In this regard , it is to be appreciated that 
the touch panel can adopt the format of a tablet/ e.g./ 
a sheet of glass or other substrate capable of propa- 

10 gating surface acoustic waves which, in the interests 
of convenience, or to import flexibility to the system, 
can be positioned at a location remote from the apparatus 
to be controlled. More particularly. Figure 21A de- 

15 picts a touch control tablet 317 which is positioned at 
a location remote from a controlled image display device 
319 which can be a video monitor* As shown, a touch 
control panel, or tablet 317, is coupled to the monitor 
by a cable; however, it is recognized that the control 
r. 20 effects instituted by the tablet could readily be ap- 
plied to the monitor by an infrared (IR) coupling so as 
to dispense with cabling. 

Moreover, as noted, the apparatus controlled 
by the touch control tablet need not be an image dis- 

25 play device. Figure 21B exemplifies an embodiment where- 
in a controllable apparatus 321, which can be a home 
entertainment center (radio, stereo, TV, etc. ) , is 
actuated by a remotely located touch control tablet 
317'. As in the Figure 21A embodiment the touch control 

30 tablet 317 ■ is shown as coupled via a cable to ap- 
paratus 321 to enable one to select a particular func- 
tion of the entertainment center. Again, an IR or 
other coupling can be substituted for cabling. 
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CLAIMS 

1. A touch panel system, characterized by the 
combination of a substrate having a touch surface; and 
means responsive to a touch on said touch surface for 
developing a signal having a * first characteristic 
indicative of the:- location of the touch on said 
touch sur-facre and a second characteristic indicative of 
the touch itself. 

2. The system of claim 1, characterized in 
that the touch surface is capable of propagating surface 
waves, and said touch responsive means includes surface 
wave transducer means for launching and receiving surface 
waves on said surface and for developing a response to a 
touch on said surface a signal having a wave-timing-related 
characteristic indicative of the location of the touch on 
said touch surface and a second characteristic, indicative 
of the effect of said touch upon said surface acoustic 
waves propagating on said surface through the region of 
the touch. 

3. The system of claim 2 wherein the touch 
surface has a predetermined coordinate axis thereon and 
wherein said surface is so characterized that a touch 
thereon causes the perturbation of a surface wave propa- 
gating through the region of the touch, the magnitude of 
the perturbation being related to touch pressure, said 
system being characterized by input surface wave transducer 

1 mean's coupled to said substrate surface for launching a 
burst of surface waves on said surface, output surface 
wave transducer means coupled to said substrate; surface 
wave redirecting means for redirecting surface wave burst 
components derived from said surface wave burst across 
said surface and to said output transducer means along a 
plurality of paths of different lengths which are respec- 
tively associate with different positions along said co- 
ordinate axis on said touch surface, and circuit means 
coupled to said input and output transducer means for 
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initiating surface wave bursts across said surface and for 
detecting touch-induced perturbations of received wave 
burst components, said circuit means developing an 
output signal having a first wave-timing-related 
characteristic indicative of which of said plurality 
of paths was traversed by the touch-perturbed wave 
burst component and thus the location of the touch 
along said coordinate axis of said surface,, said, out- 
put signal having a second characteristic indicative of 
the touch-pressure-induced perturbation of said wave 
burst component propagating on said surface through the 
region of the touch, 

4. The system of claim 3, characterized in 
that said circuit means includes means coupled to said 
output transducer means for developing an electrical am- 
plitude characterization of said touch-pressure- induced 
perturbation, comparator means for rectifying the output 
from said output transducer, said output transducer means 
at a plurality of time spaced points, storing the amplitude 
samples for future reference, during a touch of the 
substrate, again sampling the amplitude of the said out- 
put transducer output and comparing the developed .touch- 
related amplitude samples with the stored reference 
samples, and. developing a signal representing the point 

of greatest difference between the amplitudes of said 
reference samples and said touch-related samples and thus 
the timing of said touch-perturbed wave burst. 

5. The system of claim 4, characterized in 
that said circuit means includes differentiating means for 
differentiating the output from said output transducer 
means, the zero crossing of resulting signal representing 
the timing of said touch-perturbed wave burst. 

6. The system of claim 4 or 5, characterized 
in that the surface wave burst initiated by said circuit 
means has a duration T in the range of 1.0 w/c to 2.0 w/c 
where "w n is the width of said input transducer means and 
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"c» is the velocity of propagation of surface waves on 
said substrate. 

7. The system of any of claims 4 to 6, charac- 
terized in that said output surface wave transducer means 
extends along said substrate in the direction of said 
coordinate axis a distance such as to intercept a plurality 
of said : ,paths. £>jf said wave burst components. 

8. The system of any of claims 4 to 7, charac- 
terized in that the surface wave scanning means includes 
first means for redirecting surface wave burst components 
derived from said surface wave burst across said substrate 
surface and reflective means for reflecting them back to 
said output transducer means along said plurality of paths 
respectively associated with different positions along 
said coordinate:. axis on said substrate surface. 

9. The system of claim 8, characterized in 
that said reflective means includes an array of half- 
wave spaced grooves or deposits of wave-reflective material. 

10. The system of claim 8 or 9, characterized 
in that said reflective means comprises a reflective array 
having an increasing reflectivity in a direction away 
from said input transducer means, to at least partially 
compensate for the fall-off in wave amplitude with in- 
creasing wave path length. 

11. The system of claim 8, 9 or 10, character- 
ized in that said reflective array has, in said direction 
away from said input transducer means, selected array 
elements eliminated in progressively decreasing pro- 
portion to effect said increasing reflectivity. 

12. The system of claim 8, 9 or 10, character- 
ized in that said reflective array has array elements 
whose individual length increases in said direction away 
from said input transducer means, and whose individual 
position in a direction along the length of the element 
is varied within the side boundaries of the array. 

13. The system of any of claim 8 to 12, charac- 
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terized in that the substrate is formed or applied to a 
transparent flat faceplate of a cathode ray tube, the 
input and output surface wave transducer means being mech- 
anically and acoustically coupled to said faceplate surface 
and said reflective array being formed or applied to said 
faceplate surface for cooperation with said input transducer 
means. - • . 

14 - The system of any of claims 3 to 13 for use 
with a touch panel angular coordinate display apparatus 
characterized in that the system is adapted to recognize 
touch positions at different angles on a display surface 
of said apparatus, and wherein the input surface wave 
transducer means is capable of launching a burst of 
circular surface waves which radiate outwardly across the 
display surface from the apparent center point of the co- 
ordinate system, the surface wave redirecting means re- 
directing surface wave burst components derived from said 
surface wave burst to said output transducer means along 
a plurality of paths of different lengths which are 
respectively associated with different angular positions 
on said display surface, and said circuit means including 
means for determining, by an analysis based on the transit 
time of the detected perturbed wave burst component, 
which of said plurality of paths was traversed by the 
touch-perturbed wave burst component and thus the angular 
location of the touch on said display surface. 

15. The system of any . of claims 3 to 14 , 
characterized in that the input and output surface wave 
transducer means are part of a common input/output trans- 
ducer means. 

16.. The system of any of claims 1 to 15, for 
use in actuating a remotely located controllable apparatus, 
characterized in that the substrate comprises a tablet 
positioned remote from said apparatus but operatively w 
connected thereto by a suitable coupling. 

17. The system of claim 16, characterized in 
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that the controllable apparatus comprises a graphics 
display apparatus. 

18. The system of claim 16 or 17, characterized 
in that said tablet is formed of a sheet of glass. 

19. A touch panel system, characterized by the 
combination of- -substrate having a touch surface, means 
responsive to a touch on said touch surface for developing 
an output signal having a first characteristic indicative 
of the position of the touch on said touch surface and 

a second characteristic indicative of the touch pressure, 
and means for receiving said output signal and responsive 
to said first characteristic for identifying a predetermined 
controllable function and responsive to said second 
characteristic for controlling said controllable function. 

20. The system of claim 19, characterized in 
that said output signal receiving means is responsive to 
said first characteristic for developing a first control 
signal reflecting said touch position and responsive to 
said second characteristic for developing a second control 
signal reflecting said touch pressure. 

21. The system of claim 20, characterized in - 
that the second characteristic of said output signal is 
indicative of plural discrete non-zero levels of touch 
pressure or a continuum of levels of touch pressure, and 
said receiving means is responsive to said second charac- 
teristic for developing a second control signal containing 
information indicative of plural discrete non-zero levels 
of touch pressure or a continuum of levels of touch 
pressure. 

22. The system of claim 21, characterized in 
that the touch surface of said substrate is capable of 
propagating surface waves and said touch responsive means 
comprises surface wave transducer means for launching 
and receiving surface waves on said surface and for 
developing in response to a touch on said surface an 
output signal, having a first wave-timing-related charac- 
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teristic and a second characteristic indicative of plural 
discrete non-zero levels of damping or a continuum of 
levels of damping of said surface acoustic waves propagating 
on said surface through the region of the touch, 

23 ♦ The system of claim 22 as adapted for 
recognizing and responding to touch pressure along a pre- 
determined coordinate axis- on the touch surface, said- - 
touch surface being so characterized that a touch on said 
surface damps the amplitude of a surface wave propagating 
through the region of the touch, further characterized 
in that said surface wave transducer means comprises input 
surface wave transducer means coupled to said substrate 
surface for launching a burst of surface waves on said 
surface, and output surface wave transducer means coupled 
to said substrater - said system including surface wave 
redirecting means for redirecting surface wave burst 
components derived from said surface wave burst across 
said surface and to said output transducer means along a ■ 
plurality of paths of different lengths which are respec- 
tively associated with different positions along said 
coordinate axis on said touch surface, and said output 
signal receiving means comprising circuit means coupled 
to said input amd output transducer means for initiating 
surface wave bursts on said surface and for detecting 
touch-induced amplitude damping of received wave burst 
components, said circuit means developing an output 
signal having a first wave- timing- related characteristic 
indicative of which of said plurality of paths was 
traversed by the touch-damped wave burst component and 
thus the location of the touch along said coordinate 
axis of said surface, said output signal having a second 
characteristic indicative of the touch-pressure-induced 
damping of said wave burst component propagating on 
said surface through the region of the touch, and said 
system including recognition circuit means receiving 
said output signal and responsive to said first charac- 
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teristic for developing a first signal containing 
mat ion indicative of the position of the touch, and 
responsive to said second characteristic for developing a 
second signal containing information indicative of plural 
discrete non-zero levels of touch pressure or a continuum 
of levels of touch pressure. 

24. The system of claim 23, characterized in 
that said circuit means is -capable of developing an output 
signal having a signal-level-versus-time characteristic 
with a dip whose location on the time axis is indicative 
of the transit time of the detected damped wave burst 
component, and whose depth is indicative of the degree 

of damping of the detected damped wave burst component, 
and said recognition circuit means is responsive to the 
timing of said dip in the signal-level-versus-time charac- 
teristic- of: vsaid^ output signal for developing the first 
signal indicative of the location of the touch along said 
coordinate axis of said surface, said recognition circuit 
means also being responsive to the depth of said dip for 
developing the second signal indicative of the level of 
damping of said surface acoustic waves propagating on said 
surface through said region of the touch. 

25. The system of claim 23 or 24, characterized 
in that the input transducer launches said surface waves 
along a first path on said surface and said output transducer 
is disposed at the terminus of a second path on said 
surface, said surface wave redirecting means includes a 
first reflective grating comprising an array of reflective 
elements disposed along said first path, with said elements 
effectively arranged at like angles of incidence to the 
longitudinal axis of said first path, for extracting 

from said surface wave a multiplicity of wave components 
and for directing said wave components across said substrate 
surface along a like multiplicity of paths each disposed 
at an angle to said axis of said first path, and a second 
reflective grating comprising an array of reflective 
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elements disposed along said second path and effectively 
arranged at like angles of incidence to the longitudinal 
axis of said second path for intercepting said wave 
components and for redirecting said intercepted wave 
components along said second path toward said output 
transducer. 

26. The system of any of claims 22 to 25 , 
characterized. iA- that said means for developing said 
first and second control signals includes means for 
sampling the amplitude of the rectified output from said 
output transducer means at a ^plurality of time spaced 
points/ storing the amplitude samples for future refer- 
ence, during a touch of the apparatus , again sampling 
the amplitude of the said output transducer output and 
comparing the developed touch-related amplitude samples with 
the stored reference samples, and developing said first 
control signal representing the timing-related point of 
greatest difference between the amplitudes of said 
reference samples and said touch-related samples and thus 
the timing of said touch-perturbed wave burst, and 
developing said second control signal representing the 
magnitude of the said greatest difference. 

27. A cathode ray tube for use in a touch 
panel display system capable of recognizing touch positions 
along a predetermined coordinate axis on a touch display 
surface of said system, characterized in that said tube 
includes a transparent flat faceplate having a touch 
display surface capable of propagating surface acoustic 
waves and being so characterized that a touch on said 
surface causes a perturbation of a surface wave propagating 
through the region of the touch , input surf ace wave 
transducer means mechanically and acoustically coupled to 
said touch display surface of said faceplate and useful 
when excited for launching a burst of surface waves on 
said surface, and at least one array of wave-reflective 
elements in or on said touch-display surface of said 
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faceplate for directing surface waves derived from said 
input transducer means across said touch-display surface 
of said faceplate. 
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